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Introduction
The present review outlines how theoretical modeling, mainly using density-functional theory (DFT), can be used and isopenicillin N synthase (IPNS) [9] . Modeling results
28
for non-heme enzymes that are not discussed in the present 29 article can be found in references [10] [11] [12] [13] . For computa- 
52
This approach is widely used for the study of enzymatic 53 mechanisms, but it has two major drawbacks: relatively 54 weak connections to experiment, discussed in section 7, 55 and large uncertainties in the computational results.
56
To draw relevant conclusions from these mechanistic 57 studies requires that the difference in energy between two 58 alternatives, i.e., the barrier height between two mecha-59 nistic proposals, is larger than the error in the compu- 
98
To better understand the potential effects of an explicit 99 inclusion of the entire protein, the reaction energy dia-100 gram of IPNS is studied using a range of methods, from where it has a maximum overlap with the O-O σ * orbital.
191
The significance of such arrangement stems from the fact shortened to approximately the same value.
207
The product of the first step is a one-electron inter- as in THBH (Fig. 2b) , or by some acidic group from the 222 protein surrounding or the substrate, as in IPNS (Fig. 2c) .
223
For IPNS, the proton could potentially come also from the Protonation of the leaving oxygen is not, however, the only 227 option as evidenced for example by αKAD (Fig. 2a) . In , which is also one of αKAD (Fig. 8) . 
366
The Mössbauer spectra parameters computed for molecu- and co-workers [48] , and it can be rationalized taking into is the 2p z , whereas in the sharp angle (π-channel) it is 437 e.g. 2p x . As can be easily noticed on molecular orbital 438 correlation diagrams in Figure 9 , the σ-channel leads to The fact that different iron 3d orbitals become popu- 
445
The animations are to be inserted in the online version of 446 the article.
447
Finally, it should be clarified here that for the reaction 448 shown in Figure 8 the π-channel is a higher energy path,
449
and thus most probably it is not catalytically relevant. Figure 10 shows the reaction energy diagram calcu-557 lated using both active-site and QM:MM-ME models. The To easily compare the differences between active-site and
561
QM:MM models, the QM parts of the two models are iden- 
564
To isolate the electrostatic interactions between the re-565 acting core and the surrounding protein, Figure 10 for Cys-β-C-H activation (3 TS in Figure 10) exothermic and the degree of exothermicity has no effect 672 on the barrier of the next step. ter. In the first case, the origin of the large electrostatic 695 effect was a charge transfer between substrate and iron.
696
Including electronic polarization, i.e., using ONIOM-EE, 
772
The difference in geometric and electronic structure be- [28].
787
The results of the free-energy calculations, QM:[MM-
788
FEP], are compared to the static results in Figure 14 .
789
To get a fair comparison, the present comparison also in- in Figure 15 , the barrier on the quintet surface is lower 928 by 6 kcal/mol compared to the triplet and septet surfaces.
929
Judging by the geometry and spin population of the tran- 
937
Assuming that the energy diagram in Figure 15 is 
